Immediately before use, one part of solution 2 is added to fifty parts of solution 1.
In addition to this reagent two other solutions are required. The quantitation is done in the following manner. Five cubic centimeters of blood are withdrawn from the patient's vein and placed in a tube containing one drop of 20 per cent potassium oxalate solution. The tube is corked, gently inverted several times, centrifuged, and the supernatant plasma removed. One cubic centimeter of the latter is measured into a second tube and 2 cc. of 96 per cent alcohol added. They are mixed by inversion and centrifuged for ten minutes at 2800 r.p.m. Two cubic centimeters of the supernatant fluid are then measured into a tube and 0.5 cc. of freshly prepared diazo reagent added. Finally 2.5 cc. of 96 per cent alcohol are added to the tube to clear up the fatty acid doud. A purple color develops in the presence of bilirubin and the intensity is read in a colorimeter against the following standard: If the unknown solution be set at 10 mm. the reading of the standard in centimeters multiplied by 1.1 gives plasma bilirubin in milligrams per 100 cc.
In addition to the quantitative method just described, van den Bergh, somewhat later (3) devised the so-called "direct" diazo reaction as a means of distinguishing jaundice due to liver injury from that associated with certain anemias and congenital hemolytic jaundice.
The test is performed as follows: To 1 cc. of plasma are added 2 cc. of distilled water and 0.8 cc. of freshly prepared diazo reagent. The contents of the tube are at once mixed by inversion and the time of development of a distinct purple color is noted. If the purple color is seen within one minute the reaction is "prompt." If it requires more than a minute but still occurs the reaction is spoken of as "delayed." If no purple color appears the reaction is "negative." According to van den Bergh's interpretation a "prompt" reaction denotes jaundice due to liver damage, and a "delayed" reaction, jaundice due to blood destruction.
The majority of the hemoglobin determinations were made by the method of Newcomer (4) . The (10, 12, 13, 14, 15, 19, 24, 25, 26, 27 and 28). Cases 1, 2, 3 and 6 show only moderate increases but these, at the time of observation, were clinically in a stage of remission. It is evident that there is little direct relation between the quantity of bilirubin present in the plasma and the level of the red count of different cases.
It will be noted that the direct diazo reaction is always "delayed."
In no instance was a "prompt" direct diazo reaction obtained during life on a case clinically typical of pernicious anemia. Two specimens of plasma obtained several hours post mortem gave "prompt" direct reactions but a terminal liver lesion could not be definitely ruled out.
The increase in plasma bilirubin in pernicious anemia is often of diagnostic importance. The chief value of the present study depends on the fact that it was possible to make numerous observations on many of the patients over long periods of time and at different stages of the disease. Repeated detenninations of plasma bilirubin in individual cases of pernicious anemia show considerable fluctuations which usually bear a distinct relation to the clinical condition of the patient. The onset of a period of diarrhoea or a distinct increase in pallor and weakness are often accompanied by a rise in plasma bilirubin above the previously existing level for that patient. When followed over a period of months a certain general reciprocal relation between the bilirubin curve and that of the erythrocyte counts and hemoglobin will be seen. During periods when the red cell count and hemoglobin are decreasing, a rise in blood bilirubin is noted, while an increasing red count is usually accompanied by a return of the plasma pigment '300 in hemoglobin, are distinctly reflected in the bilirubin curve. The case has now been followed for nearly two years and general relationship between these curves has remained comparatively constant. An exception occurred on the 85th day of observation when the plasma pigment remained high although a period of regeneration had already begun. As was noted in similar circumstances in case 6, the reticulated red cell count was quite high and the same hypothesis may be advanced, namely that the presence of immature cells in large numbers may have increased the proportion of casualties in the circulation.
EFFECTS OF TRANSFUSION
One of the interesting features of the plasma bilirubin curves is the decrease in circulating bilirubin which usually takes place after transfusion. This decrease may be immediate or may go on gradually for two weeks or more. If it fails to occur the beneficial effects of the transfusion are frequently less evident than in instances giving a distinct reduction.
In cases 19, 23 and 24 there is very little decrease in plasma bilirubin but there was a rapid disappearance of the blood given at transfusion and only slight temporary benefit was received.
Case 26 (table 4, fig. 2 ) is particularly striking in that it shows opposite effects after two transfusions. A transfusion on the 70th day of observation was followed by a marked remission and a fall in plasma bilirubin. The next transfusion, however, given on the 184th day, had very little clinical effect and death followed seventeen days later during a period of marked rise in the plasma bilirubin curve. Case 28 illustrates again the fall in bilirubin after a successful transfusion. EFFECT (table 4) developed an acute otitis media and streptococcus hemolyticus septicemia during a period in which the blood count had been rising. At the onset a marked drop in red corpuscle count and hemoglobin and a sharp rise in plasma bilirubin was found. Later, in spite of a continued change for the worse in blood condition, a decrease in plasma bilirubin occurred. At this point a transfusion was given. Very little benefit was received and there followed a distinct rise in the bilirubin curve. Death occurred a few days later from the septicemia. Brockbank (8) has noted the constant occurrence of hemoglobin on spectroscopic examination of the plasma of cases of pernicious anemia. With this observation we are in entire accord. It is difficult to be sure that the hemoglobin present in plasma is not due to trauma in collecting blood but as the same technique was used in every instance this error is probably negligible. No effort at direct quantitation was made, but the impression was received that in general more distinct spectroscopic bands appeared during periods of clinical exacerbation than during periods of remission.
Bands of hematin were occasionally seen-an observation which van den Bergh (9) has also reported. This pigment is usually seen during periods of marked activity of the disease.
Another pigment found in severe cases during periods when the blood count was very low probably belongs to the general class of lipochromes. It is readily extriated from the plasma by ether and does not give the diazo reoction. However, on testing it with various reactions described for lutein by van den Bergh (2), entirely negative results were obtained. The exact nature of this pigment remains uncertain. It appears chiefly in severe exacerbations of anemia, particularly just before death, and it is present in large quantities post mortem.
DISCUSSION
The significance to be attached to the foregoing observations on plasma bilirubin is inevitably bound up with the question of the origin of this pigment. Stadelman (10) has held that bilirubin is produced only in the liver and that all jaundice is of hepatic origin. This theory is based on the observations of Minkowski and Naunyn (11) on hepatectomized geese. Whipple and Cowper (12) offered the first direct evidence against it by their experiments with a thoracic circulation in mammals. Mann and his co-workers (13) have proba-310 bly finally settled the point by their observations on liver ablation in dogs. A short time after complete removal of the liver their animals became as deeply jaundiced as though the common bile duct had been ligated. Jones (14) has shown the occurrence of a local increase of bilirubin in the peripheral vessels of man during an attack of paroxysmal hemoglobinuria. It has long been known that substances indistinguishable from bilirubin are found in blood extravasations into the body tissues or into the pleural or peritoneal cavities. Therefore, the evidence at present available strongly supports the view that bilirubin can be formed outside of the liver and for pigment formed in this manner the liver acts merely in an excretory capacity. The most obvious source from which this bilirubin could be derived is the hemoglobin set free in the process of red cell destruction. Whipple (15) , while admitting that this process occurs, has contended that the quantity of bilirubin excreted by the liver can be altered by the type of food eaten, and that carbohydrate feeding causes an increase in bile pigment. Rous, Broun and McMaster (16) , on the other hand, were unable to find any increase in bilirubin excretion on a carbohydrate diet when the entire twenty-four hour output was collected over a considerable period of time. Diets which contain bilirubin, however, do increase the amount of pigment excreted by the liver (17) . Our data regarding the plasma bilirubin indicate that the pigment is usually present in greater quantity in fasting periods than during the process of absorption after meals. It seems possible, therefore, to exclude dietary factors and to assume that the plasma bilirubin was derived from hemoglobin in the process of blood destruction.
The fact that the plasma bilirubin of patients with pernicious anemia always gives a "delayed" direct diazo reaction supports the assumption that in this disease the pigment is not of hepatic origin. Three theories must be considered as possible explanations of the cause of the increased plasma bilirubin in pernicious anemia. First, the increase might be due to a failure of the liver to excrete the circulating bilirubin. The objections to this theory are that the output of pigment in the stools is actually increased (19) and that the estimation of liver function by the method of Rosenthal (20) gives normal results in cases of pernicious anemia. Second, a failure of the bone marrow to utilize the pigment in the formation of new red cells might also account for its accumulation in the peripheral circulation. This is extremely unlikely, however, for in secondary anemias and in definitely aplastic anemias no such accumulation of bilirubin in the plasma takes place. The third theory holds that the increase of plasma bilirubin is due to an overproduction which results from an increased rate of blood destruction. This would seem to be the best explanation of the phenomenon at present available, since it accounts for the high plasma pigments, the high stool pigments, and the rapid fluctuations in circulating red cells that are characteristic of the disease. According to this view, the liver, while capable of excreting a norml or even increased quantity of pigment, is unable to eliminate all of the bilirubin that is set free in the plasma in times of very active destruction. The observations reported in this paper extend over considerable periods of time in individual cases of pernicious anemia and the evidence they bring out is also in harmony with this explanation. Similar but less extensive observations have been reported by Gram (6) . Periods marked by a falling red cell count and hemoglobin curve generally show increased blood pigment values. Periods when the blood pigments are at more nearly normal levels are usually periods of distinct clinical improvement. The occasional exceptions to this rule are in themselves enlightening. The onset of a remission marked by high reticulated red cell counts and a rising red cell and hemoglobin curve sometimes shows a high blood bilirubin level. This merely indicates that destruction and regeneration are independent processes for it is obvious that if regeneration were sufficiently active, it could counteract any amount of destruction and maintain the blood count at normal levels. This is probably what 312 happens in cases of hemolytic jaundice without anemia. In pernicious anemia, on the other hand, either the factor of bone marrow exhaustion must come into play or the destructive process must exceed the margin of safety of the bone marrow.
The changes in plasma bilirubin that occur after transfusion are more difficult to explain. It is evident that immediately after transfusion the intermixture of normal plasma with that of the patient causes a dilution of the plasma bilirubin, Even granting that this occurs in every case, however, it fails to account for the marked decrease in plasma bilirubin that is sometimes seen. Neutralization of a circulating hemolysin by an antihemolysin in the transfused blood may also be suggested as a possible explanation, but the reduction in bilirubin often occurs more gradually than would be expected if this were the priocess at work. Moreover, case 21 received a transfusion of cells suspended in saline on the 28th day of observation and the reduction of plasma bilirubin following this transfusion was just as great as that following two whole blood transfusions given on the 86th and 158th days respectively. If there were a circulating antihemolysin in the blood given to this patient, it must have been contained in the red corpuscles. In some cases there is a suggestion that the destructive process is actually diminished by the transfusion but in other instances the red corpuscle count and the hemoglobin curve fall rapidly after transfusion and yet the bilirubin remains at a lower level than before the transfusion. An increased utilization of pigment by the bone marrow in the formation of new erythrocytes would explain those cases which go into a distinct remission, but this theory fails to account for the instances in which the pigment decreases in spite of lack of evidence of bone marrow activity. Temporary increase in the ability of the liver to excrete pigment, owing to the improved condition of the blood, must also be taken into consideration. The level of bilirubin in the plasma is of course depende-ht upon the efficiency of the liver as an organ of elimination, for an organ of unlimited capacity for excretion could prevent accumulation of pigment regardless of its rate of formation. It is the balance between rate of formation and rate of excretion which determines the amount of pigment present in the plasma.
The observations on the influence of intercurrent infection on the 313 BLOOD PIGMENTS IN PE RNICIOUS ANEMIA plasma bilirubin in pernicious anemia are so few that they do not afford a basis for the explanation of the process at work.
The occurrence of hemoglobin and hematin in the circulating plasma indicates that all of the pigment of the destroyed cells is not broken down to the form of bilirubin before being set free' in the plasma.
The nature of the ether soluble pigment present in the plasma of cases or pernicious anemia has not been determined. Its presence is a bad prognostic sign. At times it occurs in quantities equal to one-third of the dilution valu'e of the plasma pigments. In these cases it is obviously fallacious to conclude that the dilution value represents the quantity of bilirubin present.
SUMMARY
High values for plasma bilirubin occur constantly in pernicious anemia during periods when the disease is active. They are of considerable diagnostic aid in distinguishing this disease from certain secondary anemias.
Certain cases of pneumonia, streptococcus septicemia, typhoid fever, tropical sprue, and hemolytic jaundice give plasma bilirubin findings similar to those met with in pernicious anemia.
The regular occurrence of a "delayed" direct diazo reaction in pernicious anemia serves to distinguish it from anemias associated with jaundice due to liver or bile duct lesions. In the latter conditions the plasma bilirubin gives a "prompt" direct diazo reaction.
The plasma bilirubin curve in pernicious anemia usually rises during periods of exacerbation of the clinical symptoms, and falls to more normal levels during periods of remission. This phenomenon tends to support the view that pernicious anemia is associated with increased blood destruction. Following transfusion a reduction in the plasma bilirubin is generally observed. The explanation of this phenomenon is not clear. It would seem to be due either to a slowing of the destructive process, to an increased utilization of the pigment, or to a temporary increase in the ability of the liver to excrete pigment. Hemoglobin and hematin may occur in the plasma of cases of pernicious anemia and they are usually found in periods of clinical exacerbation of the disease. Their presence also suggests red cell destruction.
